Introduction: There is a paucity of data regarding the complications in kidney transplant patients who may require intensive care unit (ICU) management, despite being the most common solid organ transplant worldwide. Objective: To identify the main reasons for ICU admission and to determine the factors associated with hospital mortality in kidney transplant recipients. Design: This single-center retrospective cohort study was conducted between September 2013 and June 2014, including all consecutive kidney transplant patients requiring ICU admission. We collected data on patient demographics, transplant characteristics, clinical data, and prognostic scores. The independent determinants of hospital mortality were identified by multiple logistic regression analysis. We also assessed the performance of Simplified Acute Physiology Score 3 (SAPS 3) and Acute Physiology and Chronic Health Evaluation II (APACHE II) scores. Results: We analyzed data from 413 patients, the majority of whom were admitted late after renal transplantation (1169 days; 63-3003 days). The main reason for admission was sepsis (33.2%), followed by cardiovascular disease (16%). Age (odds ratio [OR] 1.05, confidence interval [CI], 1.01-1.09), SAPS 3 score (OR 1.04, CI, 1.01-1.08), the need for mechanical ventilation (OR 26.47, CI, and vasopressor use (OR 3.34, CI,) were independently associated with hospital mortality. The performance of SAPS 3 and APACHE II scores was poor in this population and overestimated the mortality rates. Conclusion: Sepsis was the main reason for ICU admission in kidney transplant recipients, followed by cardiovascular disease. Age and disease severity were associated with hospital mortality.
Introduction
Kidney transplantation is the treatment of choice for selected patients with end-stage renal disease. A successful kidney transplant is associated with improvements in quality of life and increased life expectancy when compared with dialysis. [1] [2] [3] Short-term graft survival has been markedly improved in recent years, and long-term results indicate small but measurable progress. 4, 5 Thus, more patients are on immunosuppressive regimens with consequent predisposition to cardiovascular disease, infection, and malignancy. [6] [7] [8] As a result, kidney transplant recipients may develop a spectrum of complications related to the transplantation or to their underlying disease that negatively impacts on the patient and graft survival.
Despite being the most common solid organ transplant worldwide, there is a paucity of data regarding the complications in kidney transplant patients who may require intensive care unit (ICU) management. Moreover, the outcomes of the kidney transplant patients who need ICU care have varied significantly between studies, as the reasons for admission and the time length after transplant were different. [9] [10] [11] [12] [13] In addition, none of the ICU severity scoring systems has been tested in a general population of kidney transplant recipients.
The objective of the study was to identify the main reasons that lead kidney transplant recipients to an intensive care admission and to determine the factors associated with hospital mortality.
Methods
This single-center retrospective study was conducted in a 16-bed mixed ICU at the Hospital do Rim, a specialized hospital in kidney transplantation. 14 Between September 2013 and June 2014, we included all consecutive kidney and kidneypancreas transplant recipients older than 16 years requiring ICU admission. Therefore, the study sample involved patients in all transplant periods, from the postoperative to late complications. Of note, in our hospital, only kidney transplant recipients at high risk of complications due to comorbidities are managed in the ICU in the immediate postoperative period. In contrast, the immediate postoperative care of kidney-pancreas transplant patients is routinely done in the ICU. We excluded all ICU re-admissions.
Kidney transplant-related variables were collected retrospectively from the electronic medical records by a single author (F.L.). Demographic, clinical, and laboratory variables for Simplified Acute Physiology Score 3 (SAPS 3), Acute Physiology and Chronic Health Evaluation II (APACHE II), and Sequential Organ Failure Assessment (SOFA) score 15 were prospectively collected by manual data entry as part of the ICU routine using a patient data management system (Epimed Monitor, Rio de Janeiro, Brazil). The 2 severity scores and the predicted risk of death were calculated as described in the original publications. [16] [17] [18] The Kidney Disease: Improving Global Outcomes (KDIGO) definition was used to stage acute kidney injury (AKI) during the ICU stay, 19 without considering urine output. Severe sepsis and septic shock were defined according to the Sepsis-2 criteria. 20 The Charlson comorbidity index was also calculated. 21 A baseline serum creatinine was defined as the last level measured in stable state of health in outpatient visits. Laboratory and clinical data for these variables were also extracted from hospital administrative database. Comorbidities, as hypertension, refer to diagnosis prior ICU admission. Mechanical ventilation was defined as the need for mechanical ventilation at any time during ICU stay regardless of the postoperative status of the patients. All variables recorded for the study and disease classification are detailed in STable 1 in the online supplementary material. The local Research Ethics Committee approved the study (reference number: 06495112.1.0000.5505), and the informed consent was waived.
Statistics
Data were reported as mean (standard deviation [SD]) or median (with 25%-75% quartiles) for continuous variables and compared using Student t test or Mann-Whitney U test. These variables were tested for normality using the KolmogorovSmirnov test. Categorical variables were expressed as numbers (percentage) and compared using the Fisher exact test.
We performed a multivariate logistic regression using the forward likelihood ratio method to determine which independent variables were predictors of hospital mortality. As patients admitted in the postoperative transplant surgery are essentially different from the urgent admission patients and some variables such as mechanical ventilation, baseline serum creatinine, and renal replacement therapy have different prognostic implications, we excluded them from the model. The variables with a P value of <.05 in the univariate analysis were selected. The Hosmer-Lemeshow test was used to assess the goodness of fit of the logistic model.
As part of prognostic evaluation, we also assessed the performance of SAPS 3 and APACHE II scores. We evaluated calibration using the Hosmer-Lemeshow goodness-of-fit test and discrimination using the area under the receiver operating characteristic curve (AUROC). Lower Hosmer-Lemeshow chisquare values and higher P values (>.05) indicate a good fit. The standardized mortality ratio with 95% confidence intervals (CIs) was calculated by dividing the number of observed deaths by the number of expected deaths. The primary outcome was hospital mortality. For SAPS 3, the predicted mortality derived from the customized equation for countries from Central and South America was also estimated. 17, 18 Results associated with P values <.05 were considered statistically significant. The analyses were performed using SPSS software version 19.0 for Windows (IBM SPSS Statistics, Armonk, New York). We also used the software R 3.1.0 with the following packages: pROC, ggplot2, and rms.
Results
During this period, 666 kidney (178 from living donors), 1 pancreas after kidney, and 24 kidney-pancreas transplants were performed in adult patients. In the 5 previous years, from 2009 to 2013, a total of 3943 kidney transplants and 163 kidney-pancreas transplants were performed in adult patients. Most of these patients are under regular long-term, posttransplantation follow-up. A total of 636 patients were admitted consecutively to our ICU during the study period, of which 512 were renal transplant patients. We excluded 99 (19.3%) patients from the analysis due to age <16 years (n ¼ 15/99, 15.1%), re-admission during the same hospital stay (n ¼ 73/99, 73.7%), and missing score data (n ¼ 11/99, 11.1%). Therefore, we analyzed the data from 413 patients. The characteristics of the patients and outcomes are described in Table 1 .
The majority of the patients were admitted to the ICU late after the renal transplantation (median ¼ 1169 days; 63-3003 days). Two hundred and seventy-seven patients (67.1%) were admitted after 6 months of kidney transplantation. The main reason for ICU admission was severe sepsis and septic shock (n ¼ 137). The other reasons for ICU admission are available in STables 2 to 4 in the online supplementary material. Community-acquired pneumonia (n ¼ 57/137, 41.6%), urinary tract infection (n ¼ 26/137, 18.9%), and nosocomial pneumonia (n ¼ 25/137, 18.2%) were the most common causes of sepsis. Cardiovascular (n ¼ 66) and neurologic diseases (n ¼ 32) were also frequent. Coronary heart disease (n ¼ 35/66, 53%) was the most important disease among the cardiovascular admissions. Among the 413 patients, 55 were admitted in the ICU directly from operation room for transplantation postoperative care, being 30 kidney, 1 pancreas after kidney, and 24 kidney-pancreas transplants. Only 9 patients were admitted from the ward in the first 48 hours after transplant surgery due to complications. Among the 128 patients admitted from operation room, 24 (18.7%) were under mechanical ventilation (including 4 transplant patients) and 54 (42.2%) required renal replacement therapy (including 29 transplant patients). The modality of dialysis included intermittent hemodialysis and sustained low-efficiency dialysis.
The univariate analysis for factors associated with hospital mortality is available in Table 2 . The overall ICU and hospital mortality rates were 12.8% and 17.9%, respectively. The multivariate logistic regression analysis, excluding the postoperative transplant patients, is detailed in Table 3 . The variable SAPS 3 was correlated with APACHE II (r ¼ 0.65, P < .001), SOFA score (r ¼ 0.60, P < .001), and Charlson score (r ¼ 0.16, P ¼ .001); thus, only SAPS 3 was included in the model. As AKI stage 3 was associated with renal replacement therapy (P < .001), we chose to include AKI stage 3. Age, SAPS 3 score, the need for mechanical ventilation, and vasopressor use were all independently associated with a higher risk of death. The ICU and hospital mortality rates in patients admitted for severe sepsis or septic shock were 21.2% and 27.7%, respectively.
The APACHE II and SAPS 3 customized for countries from Central and South America overestimated the observed standardized mortality ratio as <1. The prognostic scores exhibited poor calibration. The SAPS 3 showed moderate ability to discriminate survivors from nonsurvivors and was superior to APACHE II (P ¼ .043). The performance of each individual mortality prediction system is summarized in STable 5 and Figure 1 . The attempt to use a customized SAPS 3 equation, also adding the Charlson comorbidity index, the presence of sepsis on admission, and the use of mechanical ventilation and vasopressor on the first day, did not result in improved performance (data not shown).
Discussion
In the present study, sepsis was the main reason for ICU admission in kidney transplant recipients followed by cardiovascular disease. The hospital mortality rate was 17.9%. Age, SAPS 3, the need for mechanical ventilation, and vasopressor use were associated with a higher risk of hospital mortality. The performance of SAPS 3 and APACHE II scores was poor in this population.
The use of potent immunosuppressant therapy has led to an increased number of patients with successful long-term kidney transplants. 7, 22 The presence of previous comorbidities and late complications after transplantation increases the likelihood of intensive care admission. Recent studies have shown that 4.1% to 8.3% of the kidney transplant recipients require ICU care for posttransplant complications. 9, 10, 12, 23 Cardiovascular disease is a leading cause of morbidity and mortality after kidney transplantation, 24 which could explain the frequent ICU admission for cardiovascular disease in our study. However, similar to other studies, sepsis was the leading cause of ICU admission. 9, 10, 12 Previous studies showed that sepsis has a significant negative impact on patient and graft survival. 23, 25, 26 In our study, although it was more frequent among the nonsurvivors, it did not remain as an independent variable associated with mortality in the multivariate analysis. We believe that this finding may be related to improvements in sepsis bundles compliance, even in emerging countries, leading to reduced mortality. 27, 28 The hospital mortality rate in our study was 17.9%. The mortality rate ranges from 10.6% to 66.6% in studies with renal transplant recipients requiring ICU care. 9, 13, 23, 25, [29] [30] [31] This wide range can be explained by differences in ICU admission criteria and the high heterogeneity among patients, as the time frame from the transplant to ICU admission and the use of immunosuppressive agents are variable. Another potential explanation is the difference among the studies, some of them being single-center studies with a small number of patients. The absence of adequate severity scores in some studies also precludes the comparison of the results.
The need for renal replacement therapy during the ICU stay was much higher than that reported for the general population of critically ill patients. 32, 33 This finding suggests that the allograft is more susceptible to injury after exposure factors. However, AKI stage 3 was not associated with hospital mortality in the multiple logistic regression analysis. The factors independently associated with hospital mortality were age, SAPS 3 score, the need for mechanical ventilation, and vasopressor use. It is interesting to note that mortality was not associated with any of the transplant-related factors. These results are consistent with other studies in critically ill kidney transplant patients requiring intensive care management. 9, 10, 12, 23, 25, 31, 34 Mechanical ventilation is usually associated with mortality in critically ill kidney transplant recipients. 9, 25, 31 Sepsis is the main cause of acute respiratory failure in this population. 12, 35, 36 Despite the fact that we did not find an association between sepsis at admission and the need for mechanical ventilation, sepsis and mechanical ventilation are intrinsically related. It is important to note that sepsis is a common complication during the course of mechanical ventilation. 37 We also need to consider that both the need for mechanical ventilation and vasopressor use could be proxies for severity of illness and may not themselves increase the risk of mortality.
Despite the known association of SAPS3 with hospital mortality, the score performance was poor in our population. This finding was expected, as general severity of illness scoring systems was not applicable to all subgroup populations. [38] [39] [40] Some small studies have assessed the accuracy of these scores in the kidney transplant population with poor results. 41, 42 For specific populations, a specific severity score may be better. 43 The attempt to improve the score performance by using other relevant variables is a valid alternative. 44 Unfortunately, we could not demonstrate this in our study.
Our study is the largest study describing the clinical features of the kidney transplant recipients admitted to ICU. However, our study has important limitations. First, this is a single-center cohort and the results cannot be generalized. Second, although the majority of the data were prospectively collected, they were originally obtained for administrative purposes. Moreover, we assessed the transplant characteristics retrospectively. Third, the decision-making process for ICU admission was not standardized. Fourth, a better method for characterizing graft function before ICU admission is lacking, as we do not have data regarding estimated glomerular filtration rate. Fifth, we did not follow the patients after ICU discharge; thus, we do not have data on post-ICU graft dysfunction and mortality. Finally, our sample size might not have been sufficient for score validation or for the attempts to improve the accuracy through customization. 
Conclusion
Sepsis was the main reason for ICU admission, followed by cardiovascular disease. Age, SAPS 3, the need for mechanical ventilation, and vasopressor use were associated with an increased risk of hospital mortality. The performance of SAPS 3 and APACHE II scores was poor in this population and overestimated the mortality rates.
